ABSTRACT. This paper presents a fish inventory of the Jordanian Gulf of Aqaba. Fish sampling was conducted by means of different fishing gears, monitoring of local fish market and visual census technique. A total of 507 fish species belonging to 109 families with an average of 4.7 species per family; 18 Chondrichthyes and 489 Ostichthyes. The largest families are as follows (number of species in parentheses): Labridae (51), Pomacentridae (29), Serranidae (25), Apogonidae and Blenniidae (24, each), Gobiidae (21), Carangidae (17) and Syngnathidae (16). Collectively these eight families comprise 40.8% of the fish fauna. The great majority are from benthic habitat (82.8%) and the remaining are pelagic fish. About 30.6% of the fish species feed on invertebrates and fish while 24.8% feed on invertebrates only. The endemic species present 12.8% of the recorded species in the Gulf of Aqaba, and this is slightly less than the percentage of endemic species in the Red Sea and Gulf of Aden, 13.7%. On the Jordanian part of the Gulf of Aqaba seventy six fish species are reported for the first time. Out of them Gymnothorax monochrous, Myripristis xanthacra, Corythoichthys haematopterus, Syngnathus macrophthalmus, Istiblennius flaviumbrinus, Enneapterygius destai and Grammatorycnus bilineatus species are first confirmed report for the first time in the entire Gulf. Novaculichthys macrolepidotus is extremely rare species and only observed among the sea grass meadow at Al-Mamlah Bay in less than 2 m deep and this species needs special conservation measures. Sparus auratus, Dicentrarchus labrax, and Tilapia sp. were introduced to the Gulf of Aqaba through mariculture projects in the surrounding area.
Introduction
The Jordanian coastline extends south for about 27 km from the most northeastern tip of the Gulf of Aqaba. The northern part of the coast is characterized by sandy flats, which extend south for about 5 km, after that the fringing coral reefs start and extend further south to the border of Saudi Arabia. Coral reef habitat is considered as one of the most complex marine ecosystems in which fish communities reach their highest degree of diversity (Harmelin-Vivien, 1989 ); many of the reef fishes depend upon coral reef for food as well as shelter (Sutton, 1985) . However, coral reef habitats are discontinued by about 3 km of sea grass meadows at the Big Bay (Al-Mamlah Bay) 15 km far from Aqaba town, where the largest sea grass meadow is located (UNEP/IUCN, 1988) . The sea grass meadows at the Big Bay (Al-Mamlah) form the highest sea grass biomass, (g/m 3 ), in comparison with six sea grass meadows (Wahbeh, 1981) . Sea grass beds serve as important nursery grounds for the fish larvae. It can settle down in the sea grass and find protection against predators until they are grown up. As juveniles or sub adults some species migrate to the adjacent coral reef habitat. In this respect, sea grass beds play an important role as "a waiting room" for recruiting of the coral reef fish fauna (Parrish, 1989) . Deep-sea habitat may be found in some places just a few hundred meters from the seashore.
The Gulf itself extends for about 180 km to the shallow sill (250 m deep) at the straits of Tiran, which separates it from the Red Sea and prevents free water exchange between the two bodies of water. Hence, the Gulf is a semi-enclosed water basin attached to the semi-enclosed Red Sea (Hulings, 1989) . It is a part of the Syrian rift system with a width range of 5-25 km, average about 17 km (cited in Badran and Foster, 1998) . The maximum depth of the Gulf is 1830 m. It is hyper saline (40.3-41.6 psu), with high surface temperatures (20. 5-27.3ºC ) and represents an almost constant temperature throughout the water column (Reiss and Hottinger, 1984) . The waters within this northern portion is characterized by its low productivity and the absence of any fresh water feed from inland sources except rare and very occasional fresh floods that come through wadis (small valleys) between the mountains. Klausewitz (1989) indicated that the bathyal ichthyofauna of the Gulf of Aqaba differs significantly from that of the main branch of the Red Sea, since deep-sea species could not pass the Sill of Tiran.
The Red Sea ichthyofauna is quite well known compared to other parts of the tropical Indo-Pacific Ocean. Over 1248 fish species have been recorded from this almost land looked water body (Goren and Dor, 1994) . Ichthyological research in the Red Sea dates back more than 200 years to collection and descriptions of fishes by Peter Forsskål (Klausewitz, 1964 , Nielsen, 1993 ).
Jordan's ichthyology research program started in late seventies, with Post & Svoboda (1980) reporting 6 new records of deep sea fishes from material washed up on the Jordanian shore. The fish fauna of the Jordanian coasts of the Gulf of Aqaba was studied by: Ajiad and Al-Absy (1986) , Ajiad (1987) , . New species Thyrsitoides jordanus have been described by . Wahbeh and Ajiad (1987) conducted a survey of fishes and reported 105 fish species with two newly reported species from the Jordanian coast. Al-Absy (1988) made a review of the goatfish's family, Mullidae. Krupp (1989) studied the distributional pattern of three species of Anthias fishes at the coral reef. Schumacher et al. (1989) described the fish Pseudanthias heemstrai as a new species in the Red Sea; Krupp & Paulus (1991, b) reported the new records of an anthias fish Pseudanthias fasciatus; Paulus (1992) Khalaf & Disi (1997) developed a comprehensive report, and listed 348 fish species based on specimens deposited at the Marine Science Station, Aqaba. Froukh (2001) worked on taxonomy and ecology of some fish larvae from the Gulf of Aqaba. In addition Randall & Khalaf (2003) reported the labrid fish Oxycheilinus orientalis, the sea grass inhabitant as a new record to the Red Sea. Also, Khalaf and Krupp (2003) recorded the presence of Foa brachygramma and Carnax heberi from the Red Sea. Khalaf (in prep.) indicated the presence of 5 new records to the Gulf of Aqaba. Based on mitochondrial DNA sequences Kochzius et al., (2003) studied the molecular biology and biogeography of lionfish's (Scorpaenidae, Pteroinae) in Aqaba. Khalaf & Zajonz (submitted) revealed the occurrence of 81 species of fish in deep-waters of the Jordanian coast and reported fifteen additional records of deep-dwelling fishes. They recorded Liopropoma lunulatum as a new record for the first time from the Red Sea.
Various aspects of ecological and biological studies were conducted on the fishes of Aqaba, such as: Quantitative distribution of butterflyfishes were carried by (Bouchon-Navaro, 1980) ; trophic relationships among butterflyfishes (Harmelin-Vivien & Bouchon, 1981) ; correlation of butterflyfishes and coral community by (Bouchon-Navaro & Bouchon, 1989) ; the distributional patterns of herbivorous reef fishes for the families Acanthuridae, Scaridae & Siganidae was studied by (Bouchon-Navaro and Harmelin-Vivien, 1981); Krupp and Paulus (1991a) studied the territoriality and courtship behavior in the coral reef fish Pseudanthias heemstrai. The community structure and biogeography of shore fishes in the Jordanian Gulf of Aqaba was studied by Khalaf & Kochzius (2002a) and in (2002b) . Wahbeh and Ajiad (1985) conducted biological studies on food and feeding habits of the goatfish Parupeneus barabarinus. The reproductive biology and growth for three species of fusilier were studied by Wahbeh (1992) . Kanan (1998) studied the fish ecology, food and feeding habits, reproduction and growth in six planktivorous fish Priacanthus hamrur, Apogon aureus, Sargo-centron diadema, Dascyllus trimaculatus, Chromis pelloura and Teixeirichthys jordani in the coral reef of the Gulf of Aqaba. Fishing gears, potential problems, fishing trips, and some of statistical data on fish catch were reported by (Khalaf, 2000) . Fishery description including questionnaires prepared by the Marine Science Station, a survey team conducted a survey aiming to focus on social and economic aspects of the fishing community (Zibdeh et al., 2003) . Marshall, 1952; Ben-Tuvia & Trewavas, 1986/87; Steintz & Ben-Tuvia, 1995; Tortonese, 1968; Randall, 1994; Baranes and Golani, 1993 , they reported on the fish fauna from the southern and western parts of the Gulf of Aqaba. Zoogeographical studies of the Red Sea were carried out by (Goren, 1973; Klausewitz, 1989) . Bio-sociological and ecological studies on certain families such as damselfishes (Pomacentridae) (Fishelson et al., 1974; Fricke, 1977) , goby (Gobiidae) (Goren 1984 a&b; 1989 & 1992 , and Butterflyfishes (Chaetodontidae) (Roberts et al., 1992; Abdallah and Khalaf, submitted) . General community structure of the Red Sea shore fishes was reported by (Ben-Tuvia et al., 1983; Rilov & Benayahu, 2000) . Other investigations deal with fish communities on artificial reefs along the northern part of the Gulf of Aqaba were reported by (Rilov & Benayahu, 1998; Golani & Diamant, 1999) , short species lists for certain areas were recorded by (Clark et al., 1968; Tortonese, 1983) .
The checklist in the present study is designed to provide the list of all species that have been collected and deposited at Marine Science Station, Aqaba, photographed both newly captured or that live in their natural habitat, observed in fishermen catches. Also, the fishes deposited in Senckenberg Museum Frankfurt (SMF) collection as well as fishes reported by different authors from the Jordanian coast.
The purpose of this study is to present an updated ichthyological inventory showing high diversity of the fish fauna, with more details on fish habitat, feeding guilds, endemism, and migratory species. This is the first thorough and comprehensive study about the fish fauna along the Jordanian coast of the Gulf of Aqaba.
Materials and Methods
Fish collection was started at the Marine Science Station (MSSA) in early eighties by Wahbeh and Ajiad (1987) . More intensive collection has been conducted by the author over the last 10 years using different methods (i.e.) handnet, gill net, seine net, traps, hooks and lines, quinaldine. Immediately after capture, the fishes were photographed, and meristic counts and morphometric measurement were taken. Additional specimens were obtained from local fishermen during the period 1995-2002. One of the major contributions to the available data in this investigation was gained by the author in a long term monitor-ing of the shore fish communities for the last seven years. Fish were surveyed by the visual census technique-using SCUBA as described in English et al. (1994) . Fish catch was also monitored at local fish markets during 1998-2000.
The German team cooperated with MSSA in several aspects of marine studies concerning biological, ecological and systematic studies. They had a massive fish collection deposited in SMF. This collection was mainly collected during 1989-1991, and was used by the author. Also, the author relied on the pertinent literature on fishes of Gulf of Aqua. In those fishes inhabiting more than one habitat, only the most common one is selected for the reported species.
The following references were used for fish identification, trophic groups and habitat occupation: Hilt & Strasbourg (1960); Fishelson (1971); Randall (1983); Do (1984); Filcher & Bianca (1984) ; Kaftan & Ebersole (1984); Wheeler (1985) ; Smith & Heemstra (1986) The systematic arrangement used in this inventory followed Eschmeyer (1990) . The genera and species are arranged in alphabetical order. The developed annotated list (Appendix-1) represents all fishes known from Jordanian Gulf of Aqua. The scientific name of the fish and the taxonomic authority are given together with some notes on their habitat, food guilds, endemic, and Red Sea immigrant fish to the Mediterranean Sea and vice-versa. Species listed as Cf. are believed to be undescribed, and need further taxonomic elaboration.
Results

Fish Community Indices
The total numbers of species are eighteen in Chondrichthyes and 489 in Ostichthyes or 507 in total belonging to 109 families, an average 4.7 species per family. The distribution of species among families was found that 77 fish families are represented by only 1-3 species, 14 families are represented by more than 10 species. In terms of species richness per family the ichthyofauna showed the following ranking (given as n number of species in the family, n% of the total fish fauna): Wrasse abridge (51, 10.1), Pomacentridae (29, 5.7), Serranidae (25, 4.9), Apogonidae and Blenniidae (24, 4.7 each), Gobbiidae (21, 4.1 each), Carangidae (17, 3.4) and Syngnanthidae (16, 3.2) . These 8 families account for 40.8% of all species. Seventy six fish species are indicated with (*) in the inventory represents a new reports to the Jordanian coast, including Gymnothorax monochromes, Myripristis xanthacra, Corythoichthys haematopterus, Syngnathus macrophthalmus, Istiblennius flaviumbrinus, Enneapterygius decay and Grammatorycnus bilineatus are the first confirmed report from the Gulf of Aqua (Appendix I).
Habitat Occupation
Ecological analysis of the Jordanian marine fishes indicates that majority of the species (82.8%) inhabit benthic habitat while the rest are true pelagic fish. Among benthic habitat, 51.1% of the fish species inhabit coral and boulders, 11.7% inhabits sandy bottoms, 11.1% are deep benches, 8.3% live in sea grass meadows, and 0.6% are bathydemersal species. Whereas, among, pelagic habitat 9.6% of the fish species are living in open waters, 3.0% are associated with reef, 2.6% are benthopelagic, 1.7% live in shallow water, and only 0.4% are bathypelagic species (Appendix I).
The most abundant shallow water pelagic species are the silver side fish 
Feeding Behaviour
An analysis of the feeding behaviour of the Jordanian marine fishes indicates that 30.6% of the species feed on fish and invertebrates, while 24.8% feed on invertebrates, the planktivorous fish constitute only 15.9%, 15.0% are omnivorores, 7.4% are herbivorous, 4.5% piscivore, 1.6% corallivore and only 0.5% detrivore feeders.
Commercially Important Fish Species
The family Scombridae includes the most important commercial species in Aqaba. It represents more than 70% of the Jordanian marine catch, specially the most abundant migratory species Katsuwonus pelamis and Euthynnus affinis. Other important commercial fish species are Decapterus macarellus, Decapterus macrosoma, Caesio lunaris, Caesio suevica and Caesio varilineata.
Discussion
In comparison with the number of fish species collected from the Red Sea 1,248 species (Goren & Dor, 1994) which extends for 1,932 km, this study indicates that the Jordanian coast with only 27 km at the Gulf of Aqaba, hosts 507 fish species which accounts for about 40.6% of the Red Sea fishes. In compari-son Golani et al. (2002) reported that the Mediterranean Sea hosts 650 fish species, and Carpenter et al. (1997) published the most comprehensive account of fishes of the Arabian Gulf, reporting 535 species from the Gulf. This clearly indicates that the Jordanian coast is characterized by a high fish diversity, which is attributed to the diversity of habitats existing along the coast such as: coral reef, seagrass meadows, sandy habitats and deep sea fish fauna. Roberts and Ormond (1987) indicated that the species richness is also positively correlated with habitat diversity. Also, Sano et al. (1984) ; reported that different habitats in the reef areas supported different fish assemblages. Habitat complexity provides refuges and barriers that fragment the area and resulting in more heterogeneous assemblages (Sebens, 1991) .
Among benthic habitat, more than 50.0% of the fish species inhabits coral and boulders, 11.7% inhabits sandy bottoms, 11.1% are deep benthos, and only 8.3% live in sea grass meadows. The same trend was found by Goren and Dor (1994) for the Red Sea fishes. Khalaf and Kochzius (2002a) found that about 48% of the 202 investigated fish feed on invertebrates and fish and only 41% are planktivorous feeder. Based on personal observations and on the running monitoring programme carried by Marine Science Station, and on the publication of Khalaf and Kochzius (2002a) it can be concluded that: The most abundant coral reef species are Pseudanthias squamipinnis (24.1%), Pomacentrus trichourus (16.1%), Paracheilinus octotaenia (6.4%), Neopomacentrus miryae (6.2%), Chromis dimidiata (5.6%), Dascyllus marginatus (5.0%), Chromis viridis (2.7%) and Dascyllus aruanus (2.3). In terms of frequency of appearance, the most common species are Pomacentrus trichourus (87.3%), Amphiprion bicinctus (79.7%), Pseudanthias squamipinnis (79.7%), as well as Chaetodon paucifasciatus, Chromis dimidiata, and Dascyllus marginatus (all 72.9%) and Thalassoma rueppellii (65.3%).
The scarids, Leptoscarus vaigensis, Calatomus viridescens; labrids, Oxycheilinus orientalis, Cirrhilabrus rubriventralis, Pteragogus pelycus, Coris caudimacula; mullids, Parupeneus macronema; and the siganids Siganus luridus, Siganus rivulatus are among the most common sea grass inhabitants. Novaculichthys macrolepidotus is extremely rare species and only observed among the sea grass meadow at Al-Mamlah Bay in less than 2 m deep and this species needs special conservation measures. Torquigener flavimaculatus is the common inhabitant of sandy bottoms as well as sea grass meadows, whereas the Chromis pelloura inhabits sandy bottoms.
The endemic species represents 12.8% of the recorded species in this study and this is slightly less than (13.7%) percentage in the Red Sea. Those sixty five endemic species belong to 31 families. Thirty of the reported species had migrated from the Red Sea to the Mediterranean through the Suez Canal. How-ever, only two species migrated from the Mediterranean and reached Aqaba. Three of the collected species, Sparus auratus, Dicentrarchus labrax, and Tilapia sp. were introduced and escaped to the Gulf of Aqaba through aquaculture projects in the surrounding area. One species, Sparus auratus had established its population in the northern sandy beach.
Two families, Lutjanidae, and Haemulidae were not common in the Jordanian coast in comparison with their abundance, frequency of appearance and number of species as in the central and southern Red Sea. It is very rare to see a member of these families while diving in Aqaba. Reef structure in the Jordanian coast of Aqaba Gulf is smaller in size than central and southern Red Sea. Accordingly, the existing habitat would not provide the suitable shelter for them. Moreover, the photic zone in Aqaba is confined to a narrow zone, which would affect the productivity in a negative term for large commercial fish.
This study reports for the first time seventy six fish species which represent new records to the Jordanian coast of the Gulf of Aqaba, including: Gymnothorax monochrous, Myripristis xanthacra, Corythoichthys haematopterus, Syngnathus macrophthalmus, Istiblennius flaviumbrinus, Enneapterygius destai and Grammatorycnus bilineatus as the first confirmed report from the Gulf of Aqaba representing a new extension.
Further studies still needed, particularly from deeper waters and for the small bottom-dwelling fishes belonging to the families' Gobiidae and Blennidae. 
